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HEAT CONDUCTIVITY MEASUREMENT METHOD AND INSTRUMENT AND 
METHOD OF PRODUCING A HEAT INSULATING MATERIAL 

BACKGROUND OF THE INVENTION 



Field of the Invention 

5 The present invention relates to the measurement of the heat conductivity of 

a material and the production of a heat insulating material. 

Description of the Related Art 

Heretofore, heat conductivity has been measured by a plate comparison 
method specified in JIS A 1412. That is, a test sample and a reference plate are placed one 
10 upon the other, a temperature difference is given to them, the difference in surface 
temperature between them is measured, and the heat conductivity of the test sample is 
obtained from the ratio and the heat conductivity of the reference plate. In the case of a 
vacuum insulation material, the heat conductivity of the vacuum insulation material is 
^ measured by a so-called reverse vacuum method that it is inspected visually whether the 

53 15 vacuum insulation material swells when the vacuum insulation material is placed in 

fli 

yj vacuum in a container. ^ 



^|V/ ^ ^ However, as the plate comparison method takes about 1 hour to measure 

-'/I \ heat conductivity, it is ditticultnroTneasttte,^ large number of products. With the reverse 




vacuum method, accurate heat conductivity cannot be measTgeA and w hen air is contained 
20 gradually, it is difficult to judge visually. 



BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to measure heat conductivity in a 
short period of time. 

It is another object of the present invention to measure the heat conductivity 
25 of even a vacuum insulation material with ease. 
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It is still another object of the present invention to produce a heat insulating 
material having heat conductivity within a predetermined range. 

According to a first aspect of the present invention, there is provided a 
method of measuring the heat conductivity of an object to be measured, comprising 
5 generating heat between the object to be measured and a heat resistant material, causing 
heat to flow through the interior of the object to be measured and the interior of the heat 
resistant material, and obtaining the heat conductivity of the object to be measured from a 
temperature difference between at least two locations on the heat resistant material. 

According to a second aspect of the present invention, there is provided a 
10 method of measuring the above heat conductivity, wherein the heat generation area is 
divided into a central area and an area surrounding the central area. 

According to a third aspect of the present invention, there is provided a 
method of measuring the above heat conductivity, wherein the externally exposed surface 
of the heat resistant material is covered with a cover member. 
15 According to a fourth aspect of the present invention, there is provided an 

instnmient for measuring the heat conductivity of an object to be measured, comprising a 
heat resistant material having heat resistance, a temperature difference measuring unit 
capable of measuring a temperature difference between two locations on the heat resistant 
material, and a heat generating unit placed on the surface of the heat resistant material, 
20 wherein the heat resistant material is placed such that the heat generating unit comes in 
contact with the surface of the object to be measured, and the heat conductivity of the 
object to be measured is obtained from a temperature difference b etween two locations on 
the heat resistant material. 

According to a fifth aspect of the present invention, there is provided an 
25 instrument for measuring the above heat conductivity, wherein the heat generating imit 
comprises a main heat generating section for generating heat in a central area, and an 
auxiliary heat generating section for generating heat in an area surrounding the main heat 
generating section. 
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According to a sixth aspect of the present invention, there is provided a 
method of producing a heat insulating material whose heat conductivity is measured, 
comprising generating heat betv^een the heat insulating material and a heat resistant 
material, causing heat to flow through the interior of the heat insulating material and the 
interior of the heat resistant material and obtaining the heat conductivity of the heat 
insulating material from a temperature difference between at least two locations on the heat 
resistant material. 

According to a seventh aspect of the present invention, there is provided a 
method of producing a heat insulating material, wherein the heat generation area is divided 
into a central area and an area surrounding the central area. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S) 

The above and other objects of the present invention will become readily 
apparent by reference to the following detailed description when considered in conjunction 
with the accompanying drawings wherein: 

Fig. 1 is a schematic diagram of a system for the measurement of heat 
conductivity according to an embodiment of the present invention; 

Fig. 2 is an isometric view of a heat conductivity measuring instrument 
according to an embodiment of the present invention; 

Fig. 3 is a plan view of a heat generating unit from the instrument of Figure 

2; 

Fig. 4 is a perspective view of a cover member according to an embodiment 
of the present invention; 

Fig. 5 is a diagram for explaining a heat conductivity measuring system 
according to an embodiment of the present invention; and 

Fig. 6 is a diagram showing a calibration curve. 



DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will be described hereinbelow with 
reference to the accompanying drawings. 

The heat conductivity measuring instrument 1 measures the heat 
conductivity of an object 6 to be measured, such as a heat insulating material, by contacting 
the object. For example, as shown in Fig. 1, the heat conductivity measuring instrument 1 
comprises a heat resistant material 3 and a heat generating unit 2. The heat resistant 
material 3 is used to measure an internal temperature difference. The heat insulating 
material can include a vacuum insulation material. 

Heat is generated between the object 6 to be measured and the heat resistant 
material 3 by the heat generating unit 2 and flows through the object 6 to be measured and 
the heat resistant material 3. Thejbeat^cond^^ 6 to be measured can be 

obtained from a temperature difference produced by a heat flow 31 (Figure 2) flowing 
through the interior of the heat resistant material 3. For example, when the heat 
conductivity of the object 6 to be measured is high, the amount of heat flowing through the 
heat resistant material 3 becomes small, whereby the intemal temperature difference of the 
heat resistant material 3 becomes small. On the contrary, when the heat conductivity of the 
object 6 to be measured is low, the amount of heat flowing through the heat resistant 
material 3 becomes large, whereby the intemal temperature difference of the heat resistant 
material 3 becomes large. Using this principle, the heat conductivity of the object 6 to be 
measured can be measured indirectly. 

Any material is acceptable as the heat resistant material 3 if a temperature 
difference is produced between two points of the heat resistant rnaterial when a heat flow 
31 is existent. For example, super silica may be used as the heat resistant material 3. 
Super silica is an inorganic material which is hardly changed by temperature variations and 
has a heat conductivity of 0.0438 W/mK (when dried). 

A temperature difference measuring unit 5 for measuring a temperature 
difference between at least two locations within the interior of the heat resistant material 3 
is placed in the interior of the heat resistant material 3. In Fig. 2, the temperature 



difference between two points is measured at three pairs of locations (A, a), (B, b) and (C, 
c) to increase accuracy. When the locations of the two points to be measured to obtain 
temperature differences are spaced apart in the direction of the heat flow 3 1 , a temperature 
difference is easily measured. For example, three locations (A, B, C) are on the surface in 
5 contact with the heat generating unit 2 and the other three locations (a, b, c) are spaced 
vertically from the three locations (A, B, C) as oriented in Figure 2, 

Any temperature difference measuring unit is acceptable as the temperature 
difference measuring unit 5 (Figure 1) if it can measure a temperature difference between 
two points. For example, a thermocouple may be used. The thermocouple is, for example, 

10 of a constantan type, made from copper-constantan, consists of three pairs connected in 
series, and has a line diameter of 0.1 mm and a resistance value of 15 Q. Cold contact 
points are located in the interior of the heat resistant material (for example, 20 mm away 
from the heat generating unit). Hot contact points are located at three locations (A, B, C) 
which are equally spaced apart on the top of the main heat generating section 21 (Figure 3) 

15 of the heat generating unit 2. 

Any heat generating unit is acceptable as the heat generating unit 2 if it can 
be interposed between the object 6 to be measured and the heat resistant material 3, and can 
transmit heat to the interior of the object 6 to be measured and the interior of the heat 
resistant material 3. As shown in Fig. 3, the heat generating unit 2 has a double structure 

20 consisting of a main heat generation section 21 for generating a heat flow to be measured, 
and an auxiliary heat generating section 22, located aroimd the main heat generating 
section, for preventing a heat bridge in a transverse direction. If the heat bridge in a 
transverse direction can be prevented, only the main heat generating section 21 will suffice. 

The heat generating unit 2 can be made of a thin film formed by joining 

25 together a cover layer and a constantan sheet and forming a heater pattern by etching. In 
the illustrated embodiment, the main heater of the main heat generating section 21 has an 
outer diameter of 28 mm, an internal resistance of about 45 fi, and a supply current of 100 
mA. The guard heater of the auxiliary heat generating section 22 is arranged in loop 
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around the main heater and has a width of 6 mm, an internal resistance of about 45 O, and a 
supply current of 100 mA. 

The cover member 7 (Figure 4) is used to cover the heat resistant material 3 
in order to prevent the deterioration of the surface of the heat resistant material 3 and the 
influence of external ambient temperature. The cover member 7 is, for example, an acrylic 
cover having a heat conductivity of about 1.00 W/mK. A material which does not have too 
high conductivity unlike metal or too low conductivity unlike a heat insulating material is 
suitable. The cover member 7 is, for example, shaped like a cylindrical cover for covering 
the heat resistant material 3 from above as shown in Fig. 4. The outer diameter of this 
cylinder is 50 mm and the height thereof is 30 mm. The top portion of the cover member 
has a thickness of 5 mm and a hole having a diameter of 6 mm in the center. The side 
portion of the cover member has a thickness of 5 mm. 

Any close contact aid material is acceptable as the close contact aid material 
4 (Figure 2) if it enables close contact among the heat resistant material 3, the heat 
generating unit 2 and the object 6 to be measured. The close contact aid material 4 is, for 
example, a brass weight placed on the heat resistant material 3 to enable close contact 
among the heat resistant material 3, the heat generating unit 2 and the object 6 to be 
measured by gravitation. Other biasing means can be substituted for the close contact aid 
material. 

The heat conductivity measuring system 8 measures the object 6 to be 
measured using the heat conductivity measuring instrument 1 . For example, as shown in 
Fig. 5, it has a plurality of stages to measure the object 6 to be measured on each stage. 
The heat conductivity measuring instrument 1 and a display unit 83 which displays the 
state of measurement are placed on each stage. The heat conductivity measuring 
instrument 1 and the display unit 83 are electrically connected to a metering unit 82 and 
further to a personal computer 81 by RS-232C. The heat conductivity measuring system 8 
can incorporate a bar code reader 84 as required to read a bar code attached to the object 6 



to be measured to automatically identify a heat insulating material which is the object 6 to 

be measured. 

The display unit 83 displays the start of heat conductivity measurement and 
the state of the heat conductivity measuring instrument 1, for example, "measuring", 
"cooling", "out of operation", "stand-by", "measurable" and "the resuh of measurement". 
The judgment of the measurement result is carried out by the personal computer 81 and 
then displayed on the display unit 83 such as a lamp. 

The metering unit 82 controls the display of the display unit 83 and the 
current of the heat generating unit 2 of the heat conductivity measuring instrument 1 and 
transfers the output of the temperature difference measuring unit 5 to the personal 
computer over RS-232C. A terminal base is used to connect the heat conductivity 
measuring instrument 1, to the metering unit 82. The metering unit 82 detects the 
disconnection of the heat conductivity measuring instrument 1 as well. The metering unit 
82 has two constant current generating units for each stage to supply constant current, for 
example, 100 mA to the main heat generating section 21 and the auxiliary heat generating 
section 22. 

The personal computer 81 incorporates a program to display the result of 
measurement, input bar codes and store the result of measurement. The personal computer 
81 perforais the control of information from the metering unit 82, the heat conductivity 
measuring instruments and the bar code reader 84, and transfers data in the organization by 
LAN or other network as required. The stored measurement data include the production 
numbers of the objects to be measured, the stage numbers of the measuring heat 
conductivity measuring instruments, measurement values, measurement times and the 
results of judgment. 

An embodiment of the method of measuring heat conductivity will be 
described hereinbelow. 

The personal computer 81 and the metering unit 82 are powered on to input 
a stand-by voltage range (±0.05 mV), stand-by time (30 sec) and reference value (3.847 



mV) into the personal computer 81. At this point, the display unit 83 displays "out of 
operation", "stand-by" or "cooling". 

The personal computer 81 reads a bar code given to the object 6 to be 
measured. At this point, the display unit 83 displays "measurable". The heat conductivity 
measuring instrument 1 is placed near the center of the surface of the object 6 to be 
measured and the "start" button is depressed. At this point, the display unit 83 displays 
"measuring". 

The personal computer 81 counts the measuring time and terminates 
measurement after a predetermined duration, such as 120 seconds. At this point, the 
display unit 83 displays "cooling". When the output voltage of the thermocouple of the 
temperature difference measuring unit 5 is higher than the reference value, that is, 3.847 
mV or more, the object 6 to be measured is accepted. The personal computer 81 and the 
display unit 83 display the result of judgment. 

The temperature difference measuring unit 5 is returned to the top of the 
brass stage and waits imtil the voltage retums to a stand-by voltage range. At this point, 
the display unit 83 displays "cooling". When the voltage falls within the stand-by voltage 
range, the stand-by time, for example, 30 seconds begins to be counted. At this point, the 
display unit 83 displays "out of operation". When the voltage does not exceed the stand-by 
voltage range during the stand-by time, the next measurement is possible. When the 
voltage exceeds the stand-by voltage range, "cooling" is displayed and it waits until a 
voltage deviation is gone. 

Since the heat conductivity of the object 6 to be measured and the 
temperature difference of the temperature difference measuring unit 5, that is, the output 
voltage of the thermocouple are proportional to each other, a proportional constant is 
measured for each heat conductivity measuring instrument 1 in advance. That is, the 
calibration of the heat conductivity measuring instrument 1 is carried out. 

A large number of objects to be measured are used for calibration as 
samples whose values are close to a reference value (W/mK) to be set. For example, when 
the heat conductivity is 6.00 x 10'^ W/mK, five objects 6 to be measured whose heat 
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conductivity's are already known are used for calibration. All the six objects 6 to be 
measured are measured by the heat conductivity measuring instruments 1 two or three 
times. 

The mean value of the outputs of the heat conductivity measuring 
instruments 1 which have measured five objects 6 to be measured is obtained. The result is 
shown in Table 1. The voltage (mV) is plotted on the axis of abscissa (x axis) and the heat 
conductivity (W/mK) is plotted on the axis of ordinate (y axis) and Fig. 6 shows a graph 
obtained by plotting the obtained values. The calibration curve is drawn by connecting the 
plotted mean values. The calibration curve is a straight line. When the calibration curve of 
Fig. 6 is expressed by an equation, y = -0.0098x + 0.0432. 



Table 1 



Objects to be 


Already known heat 


Voltage value 


measured (No.) 


conductivity (W/mK) 


(mV) 


1 


0.00352 


4.025 


2 


0.00438 


3.983 


3 


0.00503 


3.932 


4 


0.00548 


3.880 


5 


0.00622 


3.762 



When the measurement value of the object 6 to be measured is inserted into 
the previously obtained calibration curve, the heat conductivity can be obtained from the 
equation, graph and table. The measurement value may be a voltage value when a 
thermocouple is specified or a temperature difference. 

The method of producing a heat insulating material will be described 

hereinbelow. 

When a heat insulating material is to be produced, the heat conductivity of 
the heat insulating material which is an object to be measured is measured by the above 
heat conductivity measuring instrument 1, the heat conductivity measuring system 8 or the 
heat conductivity measuring method. 



It is judged whether the heat conductivity of the measured heat insulating 
material falls within a predetermined range to select acceptable heat insulating materials. 
Thus, heat insulating materials having heat conductivity within a predetermined range can 
be obtained. Particularly in the case of a vacuum insulation material comprising a resin or 
fine powder having open-cells as a core material and coated with a metal film, resin film or 
a laminate film consisting of a metal and a resin, compared with the conventional plate 
comparison method or reverse vacuum method, acceptable products can be selected by 
carrying out a lot of accurate inspections in a short period of time. 

The present invention can present a number of advantages. For example, 
the present invention makes it possible to obtain the heat conductivity of an object to be 
measured in a short period of time. The present invention makes it possible to measure the 
heat conductivity of even a vacuum insulation material. Although a heat bridge in a 
transverse direction easily occurs in a vacuum insulation material coated with a metal film 
or a laminate film consisting of a metal and a resin, when an auxiliary heat generating 
section is formed, the heat bridge can be easily prevented and the heat conductivity can be 
measured accurately in a short period of time. The present invention makes it possible to 
produce a heat insulating material having heat conductivity within a predetermined range 
easily. 

It is readily apparent that the above-described embodiments have the 
advantage of wide commercial utility. It should be understood that the specific form of the 
invention hereinabove described is intended to be representative only, as certain 
modifications within the scope of these teachings will be apparent to those skilled in the 
art. Accordingly, reference should be made to the following claims in determining the full 
scope of the invention. 
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